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Case 4-33285P1/PROV/USN 

NOVEL IONIC LIQUIDS 

Field of the Invention . . 

New Ionic liquid materials which are mixtures of a triflate or 
b/s(trlfluoromethylsulfonyl)imlcle salt of an imldazolium, pyridinium, ammonium or 
phosphonium ion with the Lewis acids (AICI3, MBtz, SnCb, FeCb and ZnCb). 

Background of the Invention 

Friedei-<:rafts reactions (acylation $nd alkytation) are simong the basic reactions 
used to synthesize fMnqtibnalized aromatic compounds, which are extremely important 
intermediates for pharmaceutical products and fine chemicals. Prior art liquid and solid 
Lewis and Br0nsted 9dds are used as catalysts for Friedel-Crafis reactions. 

The acidity of the catalyst affects the reaction kinetics of Friedel-Crafls reactions In 
many ways. Foir instance, ttie stronger the acidity of the catalysts, more easily deactivated . 
aromatic compound can be used. The higher acidity also results in an improved reaction 
selectivity, e.g-, In Fries. rearrangement reactfons. The usual acids in the qhemlcal industry 
today are sulfuric acid and AICI3, In various modifications. ' 

An acidic reactapt also known Is an acidic ionic liquid, which is a salt having a melting 
point of less than 100^*0, can be used in Friedel-Crafts reactions as well. The systems 
employed to date are those formed by adding a molar excess of a Lewis acid to the halide salt of 
an imidazollum, pyridinium, ammonium or phosphonium Ion. One example Is a mixture of 
imidazolium chloride salt with a molar excess of AICI3. These acidic chloroalumlnate molten 
substances are used to catalyze organic reactions in place of solid AlCbt so that the 
disadvantage of the low solubility of AICI3 In most organic solvents Is minlmi:i^ed. Examples in 
the literature Include the reaction of benzene and toluene with various alkyi chlorides in a 
mixture of i-ethyl-3-methylimlda;^bllum chloride ([EMIMICI) and AICI3 (4 parts IEMIM]CI / 
6 parts AICI3); and the alkylation of benzene with ethylene to form ethylberizene using a 
liquid catalyst phase that is a mbcture of an imidazolium chloride salt having a molar excess 
of AICI3 or a molar excess qf GaCls. 



• An early example of a. Fiiedel-Crafts acylation in an Ionic liquid used a mixture of an 
imidazolium chloride salt with a molar excess of AICI3 as a catalytically active phase, also 
describing that the rate of reaction increaised with the increase of the percentage of the 
Lewis acid AICI3 in the mixture. 

The synthesis of some industrially Important fragrance compounds, e.g., TraseoHd®), 
by means of FriedelTCrafts acylatlon In an acidic mixture of [EMIM]CUAICl3(X(AICt3) s 0,67) 
has also been described. Agam, an acceleration of the reaction was observed when the 
percentage of AICI3 was Increased further in the mixture. However, in the [EMIMICI-AICI3; 
the molar percentage of AICI3 cannot be increased beyond 67% molar, since at a higher . 
MCh content the rnel^ng point of the mixture climbs beyond 1 0O^'C. 

Other reactions Studied include the acylatlon of naphthalene and anthracene, the 
cracking of polyethylene, and the isomerization of fatty 9cids, all performed ir) acidic 
chioroaluminate melts. 

The use of the Uewis acid FeCts to form acidic Ionic Hqgids In the system [^MIM]CI- 
FeCId has als.o been described. Here too, an excess of Lewis apid i9 used, although only 
mixtures that have a molar FeCfs content of less than 62% are liquid at temperatures billow 
100'C, The acylation of benzene with acyl chloride has be?n described, wherein the ketone 
that is formed Is separated from the catalyst phase by means of extraction, when the molar 
FeCIs content in the catalytically active mixture lies between 51 mol% and 55 mbl%. 

. In addition to the catalytically active ionic liquids that are formed by combining an 
excess of a Lewis acid with an organic chloride salt, a small number of other examples 
have been described in which Lewis acids, such as scandium (111) triflate and other . • 
lanthanoid salts were mixed with a neutral ionic liquid containing [PFeFt [BF4r> [SbFeF 
triflate ion in order to obtain a catalytically active system. However, in all such systems 
the Lewis acid is used at very low levels relative to the ionic liquid. Typically, mixtures 
have molar ratios of one part Lewis acid to 27 parts neutral ionic liquid. The resulting 
system's have been used to alkylate, benzene with 1 -hexene. 

Mixtures of lanthanoid triflate salts and neutral Ionic liquid containing [PFeF, lBF4r. 
[SbFeF or triflate Ion have also been described in which the lanthanoid is used as a Lewis 
acid at a very low molar ratio relative to the ionic liquid. The molar ratio between the 
lanthanoid triftate £ind the ionic liquid is typically 1:200. These mixtures have been gsed to 
achieve a 3-component synthesis of a-aminophosphohates. An important limitatior) in the 
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industrial usefulness of the concept is the known decomposition of labile connplex unions, 
sudh as [PFftT, [SbFe]", in the presence of strong Lewis acids. 

Fundamentally different, catatytically active, acidic ionic liquids have been deyeloped 
and used, e.g., in the FriecJ.el-Crafts alkylation of benzene.with decene. Examples include an 
ionic liquids which are mixtures of [BM1M][HS04] and the Br^nsted acid sulfuric acid, 
substantially free of Lewis acidity; these mixtures were unab^ 
exceeding that of pure sulfuric acid. ' 

Other acidic ionic liquids based on a similar concept include a mixture of 
tributylhexylammoniumrd/s(trifluoromethanesulfonyl)imide ([NBu^(C6Hi3)][(CF3S02)2N]) and 
a Bronsted acid in acid-catalyzed cyclization reactions. Pliosphoric acid and toluene 
sulfonic acid have also been, used as Bronsted acids. However, there is a problem in that if 
even stronger Bronsted acids are added to a b/s(trifluoromethanesulfonyl)amide melt, the * 
free acid of the anion is formed, which sublimates easily at low temperatures. 

in general, ft cdn be seen from the previously disclosed us^s of addip ionic liquids in 
various acldrcataiyzed reactions that the use of acidiq,. liquid salts as catalysts is promising^ 
from 9n indiistrial point of view. The prior art acidic ionic liquids possess variably, acidity In 
certain ranges and interesting solubility characteristics that can be varied by the n'ature.of 
the cation. These solubility characteristics allow new approaches to the industrial 
implementation of acid-cat^lyz^d reactions, e.g., by using a multiple-phase reaction regime. 

Description and Sunimarv of the Inventiqh 

This invention relates to the production of new unexpected ionic liquid materials 
which are mixtures of a triflate or /}/s(trifluoromethylsulfonyl)imide salt of an^imidazolium, 
pyridiniiim, ammonium or phosphonium Ion with the Lewis acids (AICI3, AlBrs, SnCb, FeCIa 
and ZnCb), when the molar mixing ratio between the Lewis add and the triflate or 
(>/s(trifluoromethylsulfonyl)ahiide $alt of the imidazojium, pyridinium; ammpnium or 
phosphonium ion is greater than 1 :1 . These materials are liquids at temperatures bek>w 
100'C. . ' 

In one embodiment of the invention, the materials have molar ratios of up to 4.5/1 
Lewis acid/triflate or Levyis acid/b/s(trifluoromethyisulfonyl)amide salts of the imidazolium, 
pyridinium, ammonium or phosphonium ipn in. liquid triixtures at temperatures below 100''C, 
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This invention also relates to mixtures of a number of different triflate of 
(>/s(trifluorometliylsLllfonyl)imide salts mixed with mixtures of various Lewis acids of the 
group comprising AlCIa; AlBra, SnCIa, FeCIa and ZnCla. The molar content of the Lewis- 
acidic components that are used can exceed 50 mol% of th^ total mixture, preferably they 
can exceed 67 moi% of the total mixture. ^ . 

. The new acidic ionic liquids of this Invention are prepared by mixing an imidazoiium, . 
pyridinium, ammonlunfi or phosphonium triflate or b/s(trifluoromethylsulfonyl)amide salt or a 
mixture of a plurality of Imidazolium; pyrldihium, ammonium, or phosphonium triflate or 
b/s([trifluoromethylsulfonyl)amide salts witli a'molar excess of 9 Lewis acid of the group 
comprfsfng AlCia, AlBra, SrjCl2, FeCia and ZnCk or with a molar excess of a mbdure ofihe 
afores.aid Lewis acids. Preferably, the imidazolium, pyridinium, ammonium or phdsphoniun\ 
triflate or b/s(trifluQromethylsMlfQnyl)amide salt or the mixture of a plurality of Imidazolium, 
pyridinium, amnfionium or phosphonium triflate or /)/s(trifluoromethylsulfonyi)amide salts is 
mixed with a Lewis acid of the group comprising AlCia, AlBra, SnCIa, FeCIa and ZnCl2 in order 
to obtain a mixture in which the content of the L^wis acid exceeds 67 moi%. - 

The melting point of the materials obtained in this way is generally below 25°C; all 
examples are below 1 0O^'C in this invention. 

The difference relative to the known acidic ionic liquids described in the prior art 
relates to the industrial usefulness of the novel acidic ionic liquids of this invention as 
regards the following relevant a^dvantage?: 

In contrast to the prior-art systems, which are fonmed by adding a molar excess of a 
Lewis acid to the halide salt of an inrudazolium. pyridlQlum. ammonium or phosphonium ion, 
the novel acidic ionic liquid of this invention Is characterized by the following advantages: 

I) The novel ionic liquids, of this invention iare also formed by mixtures of a Lewis 
acid of the group comprising AICI3, SnCb, FeCIa add ZnCta with a imidazolium, 
pyridinium, ammonium or phosphonium triflate gr 

d/5(trifluoromethytsulfonyl}amide salt in a ratio of >2:1, while none of the prior art 
systems obtained from a mixture of a Lewis acid with a halide salt permite a ratio 
of >2:1 , since in the latter case the mixture would haye nfielting points of greater 
than 100°Q. Since^the achievable mixing ratio directly correlates with the total 
acidity of the system, l^ut since the total acidity correlates with the activity and - 
' selectivity of the system In an acid-cal^lyzed reaction, the achi^vemQnt of higher 



percentages of the Lewis, acid used in the systems of this invention elinnlnatiss a 
previously existing, substantial limitation on the range of appligability of the prior 
art acidic Jonic liquids. * * 

II) In reiactions in which the product mixture nf^ust be processed hydrolytlcally, e.g., 
with Friedej-Crafts acylations or other reactions in which molecules containing 
oxygen or in which nitrogen functionalities are present in the molecule, for the 
first time the novel acidic ionic liquids of this Invention pemilt the recycling of 
expensive cation components. Following the hydrolysis, the imidazolium, 
pyridinium, ammonium or phosphonium triflate of 
5/s(triflubromethylsulfonyl)ami<ie salt that is used or the mixture of the 
Imidazolium, pyridinium, ammonium or phosphonium triflate of 
b/s(trifluoromethylsulfonyl)amide salts with the products can be isolated from the 
aqueous phase by means of extraction and reused following distillation or 
crystallization of the reaction products. Thus, the novel ionic liquids of this 
invention for the first time provide an efficient process for Isolating and recovering 
the relatively expensive cation that is used in the ionic liquid. The loss of the 
relatively expensive cation in the ionic liquid represlents a substantiaLcost factor 
in the previously used prior art processes. 

In contrast to Jthe previously Icnown systems, which are formed by mixing a 
lanthanold triflate salt with a neutral organic liquid containing [PFeF. [BFaI". 
[SbFeF or triflate Ions, the following advantages result when the novel, acid ionic 
liquids of this invention are used: • 

III) In none of the prior art systems was it possible to use the Lewis acid (the 
lanthanoid triflate salt) in a stoichiometric ratio or even a super-stoichiometric 
ratio relative to the neutral melt, which severely limited the acidity that could be 
achieved. In contrast, the novel ionic liquids of this invention are fonmed by 
mixtures of one or more Lewis acids of the group comprising AICI3, SnCIa, FeCb 
and ZnCb with one or more imidazolium. pyridinium. ammonium or phosphonium 

. triflatd or /)/s(trifluoromethylsulfonyl)amid salt even In a molar ratio of >2:1 . 

IV) While the ionic liquids used in the prior art, and here in particular, the anions 
[PFer, [BF4r. [SbFer. are known to be unstable in.the presence of strong Lewis 

. acids, the novel acidic ionic liquids of this invention are characterized by a much. 



.higher stability, even at ^ much higher rnolar content of the LqwIs acid or Qcids 
that are used. 

' In contrast to the prior-art systems that are formed by rnixing a Brensted add with ' 
an Ionic liquid containing an [HSO4] or [(CF3S02)2N] ion the following advantages . 
result when the novel, acidic ionic liquids of this invention are used: - 

V) The novej systems of this invention are Lewis acid systems, while Bronsted acid 
Isystems are obtained by mixing a Bronsted acid with an ionic liquid containing an 
[H$04] or [(CFaSOa^N] ion in the state pf the art. However, many applications 
can only be achieved by using the Lewis add systems. 

VI) The achievable addity and achievable percentage of active, addle components in 
the reaction system, as well as general ease of use, is severely limited in the 
prior-art systems by the fact that the anion of the ionic liquid, e.g., [(CF3$02)2N]) 
forms the volatile acid H[(CP3S02)2N] in the presence of strong, adds. The 

' volatile acid easily sublimates out of the reaction mixture, which severely, limits 
the range of applicability of the prior art ionic liquids. 3uch problems do not occur 
with the novel, addle ionic liquids of this invention. . 

The range of application of the novel acidic ionic liquids of this invention includes all 
reactiqns in which strong Lewis acids are used as catalysts or in which a strong Bronsted 
add is formed under the reaction conditions in the presence of a strong Lewis acid, 
particularly suitable applications for the novel acidic ionic liquids of this invention are found 
wherever an increase in acidity compared with tiie previously used prior art systems would 
result In an improvement in activity, selectivity, or life of the catalytioally active component. 
Specific exaniples of applications in which the novel, addle, ionic liquid of this, invention c^n 
be used successfully comprise, among others, Friedel-Crafts reactions (alkylatioh and 
acylation), the Fries reanrangement, carbonyiation of aromatic compounds, the isomeriziation 
of chlorotoluenes, the isomerization of dichlorobenzenes; the transalkylation of toluene, the 
framework isorn^ri^ations of alkanes. as well as the so-called refinery alkylatlon (reaction of 
isobutehe with prppane or butane to produdp alkylate gasoline), whereby this enumeration is 
not daimed to be complete nor exduslvQ. 

One particularly Interesting embodiment of the novel, acidic ionic liquid of this 
invention results from the unexpected discovery in some mixing ratios between the Lewis 
ackl that is used or tiie mixture of a plurality of Lewis adds that are used with the triflate or 
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Ws(trifluoromethylsulfonyl)lmlcle salt or with the mixture of a plurality of triflate of 
Ws(tnfluorGmethylsulfonyl)imide salts that the novel, aclcjic ionic liquids of this Invention are 
present in the form of a liquid-liquid multiple phase system. This opens up new possibilities 
for processing reaction mixtures and product mixtures by means of extractive methods. 

Especially preferred embodiments of the novel, acid ionic liquids of this Invention, 
comprise the following mixtures: 

• 1^ethylpyridinium-6/s(trifluoromethylsulfonyl)lmide wi 

• 1-Ethylpyridlnlum-b/s(trifluoromethylsulfonyI)lmide with AICI3 
' • l-Butylpyridinium-f)/s{trifluoromethylsulfonyl)imide with AICI3 

• 1,4-Dimethylpyridinium-5fe{trifluoromethylsulfonyl)imide with AICI3 

• 1 ,3-Dimethylpyridinium-&/s(trifluoromethylsulfonyi)imide with AICI3 

• 1 -Ethyl-4-methylpyrldlnlum-Ws(trifluoromethylsulfonyl)lmlde with AICI3 

• 1-Ethyl-3-methylpyridinium-ib/5(trmuoromethylsulfonyl)lmide with Aids . 
m 1«-Butyl-4-methylpyridinium-ft/s(trifluoromethylsulfonyl)imide with AICI3 

• 1-Butyl-3-methylpyridlnium-b/s(trifluoromethylsulfonyl)imide with AICI3 

• 1 ,3-DimethyIimidazolium-&/s(trifluorpmethylsuIfonyl)imide with AICI3 

• 1-Ethyl-3^methylimida:;oIium-b/s(trifluoromethyisulfonyl)inriide with AICI3 
^ 1 ,3^Diethyllmidazolium-(>/s(trifluorQmethylsulfonyl)irhide with AIQI3 
f 1.Butyl-3-methyIlmldazolium-fife(trifluoromethylsulfonyl)imide with AICI3 

• 1-Butyl-3-ethylimidazolium-6/s(trifluoromethylsulfonyl)imid.e with AICI3 

• TrimethylammoniumTb/s(trifluoromethylsulfonyl)imide with AICI3 

• Tetramethylammonium-b/s(trifluoromethylsulfonyl)imide with AJCI3 

• Tetrabutylammonium-/7/$(trifluoromethylsulfonyl}imide with AiCIs 
• • Tetrabutylphosphoni.unrhb/s(trifluorQmet|iyl8ulfonyl)imide with AICI3 

• 1-MethyIpyridinium triflate with AICI3 

• 1-Ethylpyridinium triflate with AICI3 

• l-Butyipyridinium triflate with AlCIs 

• 1 ,4*pimethylpyridinium triflate with AICI3 

• 1 ,3-Dimethylpyridinium triflate with AICI3 . 

• 1-£thyl-4-methylpfyridinium triflate with AICI3 

• 1-Ethyl-3-methylpyridlnium triflate with AICI3 

• 1-Butyl-4-methylpyridinlum triflate with AICI3 

• 1-Butyl-3i^methylpyridlnium triflate with AICI3 

• 1 ,3-Dlmethylimldazollum triflate with AICI3 

• l-Ethyl-3-methylfmidazoliMm triflate witti Aids 

• 1,3-DiethyIlmidazolium triflate with AICI3 

• 1 -Butyl-3-methyrimldazolium triflate with AICI3 
. • l-Butyl-3-ethyHmidazolium triflate with AICI3 



• Trimethylammonium triflate with AlCIa 

• Tetramethylammonium triflate with AICI3 

• Tetrabutylammonium triflate with AICI3 

• Tetrabutylphosphonlum triflate with AICI3 

• 1-MethylpyridlriiUm-b/s(trifluoromethylsulfonyl)imlde with FeCI^ 

• 1-Ethylpyridin(um-d/s(trifIuoromethYlsuIfonyl)imide with FeCIa 

• 1-ButyIpyridinium-/)/s(trifluoromethylsulfonyl)imlde with FeCls . 

• 1 ,4-Dimethylpyridinium-/}/s(trifIuoromethyIsulfonyl)inr^ with FeCIa 

• 1 ,3-Dimethylpyridinium-fa/s(trifluoromethylsulfonyl)lmide with FeCIa ' 

• 1-Ethyl-4-methylpyridiniun(v6/5(trifiuoromethylsuiforiyi)inr^ with FeCIa 

• 1 -Ethyl-3-methylpyridinlum-b/s(trifluoromethyl$ulfohyl)imide with FeCIa 

• 1-ButyM-methylpyridinium-Ws(trifIuoromethylsulfonyl)m FeCIa 

• 1-Butyl-3-methylpyridinium-b/s(trifluoromethylsulfonyl)lmide with FeCIa 

• 1 ,3-DirriethyJlmidazoliurTi-W$(trifluoromethylsulfonyl)imlde with FeCIa 

• 1-Ethyl-3-rnethylimlda2olium-Ws(triflyorpmethylsulfonyl)imide with F^CIa 

• 1 ,3-piethyiimidazolium-()is(trifluoromethylsulfonyl)iiiriid6 with FeCIa 

» 1-Butyl-3-nriethylinr»idazoliuna-6/s(trlfludromethylsulfonyl)irnlde with FeCIa 

• 1-Butyl-3-ethyllmidazolium-f)fe(trifluoromethylsulfonyl)lmide with FepI? 

• Trirnethylamrnonium-b/s(trifluoromethylsuIfonyl)imide with FeCIa 

• ' TetrarnQthyIamm6nlum-dfe(trlfluoromethylsulfonyl)lmide with FeCIa 

• Tetr9lputylarnmonium-i)/s(trifluorornethylsulfonyl)imide with FeCla 

• Tetrabutylphosphohlum^6/s(trifluorornethylsulfonyl)irrilde with FeCia 

• 1-Methylpyridinium triflate with FeCIa ' . 

• 1-Ethylpyridlnium triflate with FeCIa 

• • l-Butylpyridinlum triflate with FeCIa 

• 1,4-rDimethylpyrldiniumtrifIate with FeCIa 

• 1«3-Dimethylpyridiniurn triflate with FeCIa 

• 1-Ethyl"4-methylpyridinium triflate with FeCIa 

• 1-Ethyl-3-methyIpyridinium triflate with FeCIa' 

• I^ButyM-methylpyridinium triflate with FeCIa 

• 1.Butyl-3-methyIpyridirilum triflate with FeCIa 

• 1,3^Dimethylimidazolium triflate with FeCIa 

. • 1-Ethyl-3-methylimidazollum triflate with FeCIa 

• 1,3-Dlethylimjdazoliurti triflate. with FeCIa 

• 1-Butyl-3-methylimidazoHum triflate with FeCU 

• 1-Butyl-3-ethyllmidazolium triflate with FeCla . 

• Trimethylammonlum triflate with FeCIa 

• Tetramethylammonium triflate with FeCI^ 

• Tetrabutylammonium triflate with FeQIa . . 
p Tetrabutylphosphoriium triflate with FeCIa 
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. This invention Is illustrated by the following ex^^ 
Example 1 ' 

1^Ethyh3-metHylpyridinlum([3rMEPJ) bis(tnfluoromethylsulfonyl)lmlde/ 
alum!num(UI)chloride aS'MEPJKCF^SO^^zNJ/AlCl^) mfxtur^ 

A 1:1 mixture 

At room temperature while mixing slowly add 21 .7 mmol AICI3 to 21 .7 nimol 
([3-IVlEP]I(CF3S02)2N). As a slight amount of heat is generated, the AICI3 dissolves Into the 
melt forming a 2^phase system In which both phases are of approximately equal volume, 
while the lower phase is much more Viscous than the upper phase. While the mixture 
Qontlnues to remain in two phases at 70**C, a single-phase system results at 100*C, 

a liZ rriixtur^ 

While stining, slpwly gdd 43.1 mmol AICI3 \o 21.7 mmol (I3-MEP1I(CF3S02)2N]). Upon 
cooling to room temperature, the total amount of AlCb that is added remains dissolved In the 
reaction systpni, while' the reaction system itself, Is present in two phases. 

C. 1:$ mixture ' 

While stirring, slpwly add 64,2 mmol AICI3 to 2i:7 mmb| ([3-MEP][(CFbS02)2N]). A clear, 
hQmogeneous $ingle-phase solution results,^ which, after cooling to room temperature, 
remains clear and single-phased. 

D. 1:4.5 mixture 

While stimng, slowly add 99.1 mmol to 21.7 mmol ([S-MEPlKCFsSOahNl) at 130**C. A 
clear, homogeneous, single-phase solution forms and remains clear and single-^phased even 
after cooling to room temperature. 
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Example 2- ^ 

1'Ethyl'4-meihylpyridiniuin([4'MEP]) bls(trinupromethyl9Ulfonytylmfde/ 
aluminum(UI)chlqrlde ([A-mPlUCF^SO^iNVAICI^ mixtures 

A 1:1. mixture 

At while stirring add 1 1 J mmbi AICI3 to 1 1 •? mmol ([4-MEPl[(CF3SOa)2Nl). A two- 
phase system forms In which both phases have roughly thp same volume.. Upon cooling, 
the AICI3 precipitates out of this system at temperatures below 70^*0. 

B. 1:2 mixture* 

At 70X while stirring add 23.2 mmol AlCb to 1 1.7 mmol ([4-MEPl[(CF3S02)2Nl). A 
2-pha$e mixture forms with the volume of the lower phase sul)stantially smaller than that of 
the upper phase. No solid precipitates from this system even upon cooling to rpom 
temperature. 

C 1:3 mixture 

At 1 05"C while stirring add 34.3 mmol AICI3 to 1 1 .7 mmol ([4-MEPl[(CF3S02)2Nl), A 
clear phase Is formed, which, after cooling to room temperature remains single-phased and 
clear. * ' . 

D. 1:4 mixture. 

At 130X while stln-ing add 46.6 mmol AICI3 to 1 1 -7 mmol ([4-MEPl[(CF3S02)2Nl). A 
clear phase is fonned, which, after cooling to room temperature remains single-phased and 
clear. ' 
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Example 3 

Reaction of octanoic acid chloride with Irchioro-l-phonylettiane viith the ionic liquid 
([3rMEP][(CF3SOz)2N]/AICl3) (molar ratio 1:3) as the c^talytlcBlly active component 

Under Inert gas atmosphere while stirring at 1 05°C 40 nnmol AICI3 Is slowly added to 
13.3 mmol (t3-MEPl[(CF3Sp2)2N]). A dear, hompigeneous single-phase solution fonms and 
remains clear and single-phase after cooling tp room temperature. The resulting ionic liquid 
is mixed at room temperature 20 mmol octanoic acid chloride. 20 mmol 1-chlbro-2- 
phenylethane is mixed in dropwise at room temperature. The reaction mixture is stirred for 
6 hours at room temperature. The reaction mixture is carefully hydrolyzed with an excess 
arhount of water; the aqueous phgse extracted with CH2CI2. CH2CI2 is removed under a light 
vacuurh, and the residue extracted with pentane. While the educts and products of the 
reaction dissolve In penfane, 1 1 mmol of the Ionic liquid ([3-MEP][(CF3S02)2N]) is recovered 
* as residue. Based on GC analysis, the pentane phase contains: 70^% p-9cyIation product, 
12.6% m-acylation product, 5,5% octanoic add (hydrolysis product of the octanoic acid) and 
4.6% 1.chloro-2-phenylethane. The processing rnethod that vras used was verified by 
^Iculating a mass balance. 

The starling materials: triflate or Ws(trifluoromethylsulfonyl)innide salts containing 
ImidazoHum, pyridiniumi ammonium or phosphQnIqm ions are known. 



What is claimed is: . , 

1 . An Ionic liquid wmprislng a mixture of one or more triflate or 
6/s(trffluoromethyl6ulfonyl)lmIde salt(s) with one or more Lewis acid(s) wherein ttie total of 

th6 molar contents of the Lewis acid(s) In the mixture is from about 0.01-98%. 

• ( ■ • . .• 

2. The ionic liquid of Claim 1 , in which the total of the molar contents 6f the Lewis 
acid(s) in the mixture is from about 50-85%. • . ' 

3. The Ionic liquid of Claim 1 , In which the total of the molar contents of the Lewis 
acld(s) In the mixture Is ftom about 67-80%.' ' 

4. The. ionic liquid of Claim 1 , wherein the triflate or b/s(trifluoromethylsulfonyi)lmide salt 
that is used is an imidazolium, pyridinium, ammonium or phosphonium salt. 

5. The ionic liquid of aaim 4. wherein the cation of the triflate or 
6/s(trifluoromethy|sulfohyl)lmide salt is a quaternary ammonium catioh having the general 
fonmulalNR^I^W: 

a phosphonium cation having the general formula [PR^R^R^RJ*; 
an Imidazolium cation having the general fomfiula of Formula 1: 
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Where the Imidazole ring of Formula I can be substituted with one or more groups selected 
from the Ci^Je-alkyl. Ce-Ciraryl, 6r Cs-Cijraryi-Ci-Ce-alkyI groups; 

pyridinium cations of the general fomnulg of Fonrnila II 




where the pyridine ring of Formula II can be substituted with one or more groups comprising 
the Ci-Ca-alkyI, or C6-Ci2-aryl, or Cs-Ciz-aryi-Ci-Cs-alkyl groups: 

-12- ■' • . 



aiwj thesubstituents R. R'. R\ R\ R^areselectedlrMjependently of each other from the 
group comprising hydrogen; linear or branched, eaturated or unsaturated, aliphatic or 
alicydlc alkyi groups having 1 to' 20 carbon atoms; and aryl, afyl-Ci-Ce-alkyI groups having 
6 to 12 carbon atoms In the aryl mole^, which may optionally be substituted with at least one 
d-Cff-alkyl group. 

6. The ionic liquid of Claim 1 . Wherein the Lewis aoid is AlCfe, AlBra, SnCiz, FeCI^ or 

"Znci2. 

' 7. . The Ionic liquid of Claim G. wherein the Lewis 9cid is AIQIa- 
8. The ionlq liquid of Claim 6; wherein the Lewis add Is FeCla. 

.9. The process for preparing the Ionic liquid of Claim i , comprising proportionally 
adding the Lewis acid(s) to the triflato or ii/s(trifluordmethylsulfonyl)lmlde salt(s) while stirring 
at temperatures from O-SOO'C, preferably from aO-ieO'C. more preferably from 50-150X, to 
yield the ionic .liquid as a liquid-liquid multiple-phase system. 

10. The use of the Ionic liquid of Claim 1 , as the catalyst or catalyQcally active reaction 
medium, yvhereln the reaction is an Lewis add-catalyzed reaction* 

1 1 . The use of the Ionic liquid of Claim 1 0, in which the Lewis acid-catalyzed reaction 
comprises Friedel-Crafts alI<ylation reactions, Friedel-Crafts acylation reactions, alkylation 
reactions, oartjonylization reactions, isomerization reactions arid oirgomerization reactions. 



Abstract of the Invention 

• Ionic liquids comprising a mixture of one or more triflqte or 
5te(trlfluorome<hylsulfonyl)imide salt(s) with one or more Lewis acid(s), wherein the total of 
the molar contents of the Lewis acid(s) In the mixture Is from about 0.01-98%, are provided, 
that are useful as catalysts In Lewis acid-catalyzed, reactions. 



